The Rain Classroom, grounded in the theory of connectivism in the digital era, is a mobile-supported tool for blended learning. This tool renders synchronous and asynchronous teacher-student interactions through dual-channel teaching in and out of class. In the study, the Critical Thinking Skills Survey (CTSS) was adopted to measure the critical thinking skills (CTS) of 112 first-year undergraduates majoring in English in mainland China. A pretest-posttest non-equivalent two-group quasi-experimental design was applied to compare the CTS of those learners of English as a second language (L2) instructed under the Rain-Classroom-based intelligent learning system with those taught by the traditional lecture approach. The mixed results indicated that the intelligent learning system had a positive effect on students' overall CTS development with significant improvement in the interpretation subscale but had almost no influence on the evaluation and self-regulation subscales. The intelligent learning approach in this study is empirically meaningful in students' CTS enhancement, but further research is warranted to make this system more efficacious in facilitating L2 learners' CTS.
Introduction

Critical Thinking (CT)
In this increasingly technologically complex world, learning is taking place in an environment that is characterized by superabundance of information (Yang & Wu, 2012) . This environment, on one hand, offers an abundance of learning opportunities and resources on an unprecedented scale; on the other hand, there is an increased need to cultivate students' abilities to assess the authenticity and soundness of the mass of information (Yang, Newby, & Bill, 2008) . Only by enhancing students' critical thinking skills (CTS) can they effectively and creatively employ knowledge to find solutions to real-world problems (Stephenson & Sadler-McKnight, 2016) .
In terms of the working definition of CT, the present study adopts the version proposed by the Delphi Report, which is supported by 46 experts in this field. It is described as "purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, and inference, as well as explanation of the evidential, conceptual, methodological, criteriological, or contextual considerations upon which that judgment is based" (Facione, 1990, p.2) . CT is composed of cognitive skills and dispositions. The core cognitive skills are analysis, evaluation, inference, explanation, inference and self-regulation, while the dispositions encompass being open-minded, analytical, orderly and inquisitive, and truth-seeking, with good skills of interpersonal communication and strong abilities to discriminate between good and bad information (Facione, 1990) . Research has consistently determined that cognitive skills can be improved in a reasonable span of time, while the improvement of dispositions involves a lengthy process (Quitadamo, Brahler, & Crouch, 2009; Giancarlo & Facione, 2001 ). Many studies have described efficient instructional strategies that promote students' CTS (Petrucco & Ferranti, 2017; Williams & Lahman, 2011; Greenlaw & DeLoach, 2003) .
CTS and Technology-Integrated Instruction (TII) Strategies
Since the 1990s, researchers have empirically corroborated the effectiveness of some novel learning approaches, as distinguished from the traditional lecturing method, in fostering students' CTS. For example, researchers have investigated collaborative learning (Nelson, 1994) , self-directed learning (Kreber, 1998) , concept mapping (Wilgis & McConnell, 2008) , problem-based learning (Pardamean, 2012) , and the science writing heuristic ( (Stephenson & Sadler-McKnight, 2016) . As recent decades have witnessed the rapid emergence of digital applications and multimedia tools through portable devices and less expensive software, technology has been actively integrated into teaching pedagogies and strategies of CTS development (Bunts-Anderson, 2016) . In this study, technology integration is broadly termed as the use of digital tools (e.g. computers, smart phones and tablets) and social media networks (e.g., social platforms and software applications) to support teaching practices (Bunts-Anderson, 2016) . Yang (2008) , and Schellens, Van Keer, De Wever and Valcke (2009) investigated the asynchronous discussion forums to upgrade their function in helping students think critically, and proposed the Socratic dialogue format and "thinking hats," respectively, as additives to the online discussion pedagogy to produce a synergy. Another study on the relationship of students' online discussion behavior and their ability to think critically was conducted by William and Lahman (2011) , who determined that the frequency of students' interactions on the discussion section was correlated with the level of their thinking ability. Digital storytelling also has been favored as an entertaining means of honing learners' CTS by combining words, pictures, audio and video (Yang & Wu, 2012) . McDonald (2017) , Yang (2015) , Yang and Chang (2013) all reported the efficacy of digital gaming in the development of students' higher order thinking through their more concentrated participation in and increased satisfaction with the design and production of the games. A similar result was found by Kong (2014 Kong ( , 2015 with flipping-classroom pedagogy. Students' subject-matter knowledge, CTS, and information literacy were all demonstrated to significantly improve. The consensus is that TII strategies tend to lead to the enhancement of CTS. However, unsatisfactory results have been found in some studies. For example, the impact of long-distance interactive video tutoring on CTS was no different from that of the conventional lecture (Huff, 2000) . There was no significant variance of effects between students accustomed to digital retrieval of texts and the manual methods of retrieval (Daud & Husin, 2004) . Costley (2016) found that the use of teacher-guided online discussion forums, having casual learning environments free from teachers' close supervision, did not foster students' CTS.
CTS and TII of English as a Second Language (L2)
Compared with other subjects, it appears more difficult for researchers and practitioners to strengthen CTS by means of L2 learning, as evidenced in Chinese English learners' "absence of critical thinking" (Huang, 1998) . Investigators have obtained the same results in other countries (Sanavi & Tarighat, 2014) . This finding is largely observed because L2 learners need to use multiple cognitive processes for active participation in communication in L2, which could lead to complex cognitive overload (Baralt, 2015) . However, a large body of literature has documented a fruitful yield of technology-supported instruction in facilitating L2 learners' ability to think critically without sacrificing language literacy. For instance, digital storytelling has turned out to be effective in CT-infused L2 classrooms (Sevilla-Pavón & Nicolaou, 2017; Yang &Wu, 2012) , since students need to critically analyze and interpret the stories they listen to and create their own based on critical theorizing and reflection to persuade their audience (Malita & Martin, 2010) . This process is significantly correlated with students' interpretation and evaluation skills, two components of CTS (Yang & Wu, 2012) . Also, technology-supported environments could engage students in an authentic context for language use, such as by participating in a software-based collaborative task (Lin, Preston, Kharrufas, & Kong, 2016) , 3D printing (Roy, 2017) , or playing serious games (Supuran & Sturza, 2017) . Students learn to develop analytic reasoning and externalize their thinking to others by performing tasks. Self-regulation is also required to monitor the progress of the task. Notably, computer-mediated virtual environments could alleviate physical and psychological barriers to communication. Students are more self-expressive and demonstrate better reflection skills through in-depth online activities and discussions (Habibi et al., 2018; Young, 2003) . In Yang, Chuang, Li and Tseng's (2013) research, Moodle (Note 1), a virtual learning platform, was adopted for individualized instruction of English listening and speaking, as well as CTS, with positive outcomes for language proficiency and all the subscales of thinking competency. This study has several implications for CTS development. First, explicit instruction and practice of CTS (e.g., inductive reasoning involved) could help students better understand abstract skills and apply them to post-class scenarios after rational analysis and evaluation. Structured discussions using the traditional Socratic method tend to be of great help in transferring a low-order-thinking debate to a higher-order-thinking one (Yang, 2017) . Also, the direct and immediate feedback from teacher and peers not only scaffolds students' development of CTS but engages them in critical inductive reasoning and self-reflection (Bunts-Anderson, 2016).
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Siemens (2005) put forward a milestone theory of connectivism for learning that is remarkably impacted by technology, which was later elaborated by his partner Downes (2012) . This era is a digital age, where the exponential growth of knowledge shrinks its half-life. Technology is performing certain of the cognitive operations by means of storing and retrieving information, which partially renders the traditional learning theories, behaviorism, cognitivism and constructivism, unable to describe and guide the knowledge-acquisition process. Siemens (2005) also claims that learning "is focused on connecting specialized information sets, and the connections that enable us to learn more are more important than our current state of knowing" (p. 4), and any alterations made to the integrated network of "people, groups, systems, nodes, entities" (p. 3) could affect the whole. This learning informs researchers of the elaborate design of every element of the platform and their reasonable linking, which is well-mirrored in the Rain Classroom in that it attaches enormous importance to students' learning behavior in every step so as to provide timely feedback and support. Additionally, learning only occurs when the knowledge in the database is connected to the right learners contextually, which prompts personalized use of the content and manner of retrieval. This theory, meanwhile, mentions the significance of information flow and social network analysis in organizing the learning model. This dual-channel teaching in the Rain Classroom helps to connect both the teacher and students into an organic learning system without the boundaries of classroom, thus contributing to high efficiency of learning.
Hughes (2005) classifies technology-integrated pedagogies into three categories depending on the role of technology in amplification, replacement or transformation. Often, instructors use technology for content delivery instead of for the employment of innovative teaching strategies. Next, instructors employ the typical lecture-type TII, where the lectures are provided on the basis of content with technological aids, such as computers, tablets, and projectors, and students mostly work individually on paper-based assignments or tests rather than collaborate with one another. However, what brings out real innovative learning opportunities is the transformative TII in which course content, classroom activities and cognitive process are reorganized, and the practices and roles of the teacher are reshaped (Yang & Wu, 2012 ).
In the current research, the target intervention tool is a transformative TII strategy in mainland China (China), known as the "Rain Classroom." As a blended learning method based on massive open online courses, Rain Classroom is a mobile-learning tool developed by Tsinghua University in China in late 2016. Though a software application, it is built in WeChat, the most popular free social instant messenger application in China. The Rain Classroom integrates courseware release prior to class, real-time feedback, multi-screen virtual-classroom interaction and review after class. This tool is distinguishable by its dual-channel teaching, where the teacher and students communicate synchronously and asynchronously in and out of class, and students' whole-process learning data is generated and collected automatically by the system (Li & Song, 2017; Wang, 2017) .
Research Objectives
Having reviewed the research on the TII strategies' cultivation of students' CTS, especially among L2 learners, the present study aims to make its own contributions to the literature by investigating the impacts of a Rain Classroom-based intelligent learning system, which is exclusive to China, on the CTS of L2 learners with the following two research questions:
1) Is the intelligent learning system helpful to enhance L2 learners' overall CTS?
2) Does the intelligent learning system equally impact the subskills of CTS?
Research Methodology
Research Design
A pretest-posttest non-equivalent quasi-experimental design was adopted to measure the differences in L2 learners' CTS between the Rain Classroom (experimental group) and the traditional lecture-type TII groups (control group).
Participants
Participants of this study were all freshmen English majors from two universities in China. The Rain Classroom was applied to one university's English instruction to constitute the experimental group with a total of 60, among whom 13 were male (21.67%) and 47 were female (78.33%), while students from the lecture-type university were regarded as the control group (n=56), among whom there were 10 males (17.86%) and 46 females (82.14%). The fact that the majority of English majors in China are usually females made it impossible to keep gender equilibrium for either group. However, the similar male-to-female ratio (1:4) for each group contributes to the validity of the current study. The ages of all of the students ranged from 18 to 23 years. None of the participants previously had CTS training or the intervention experience of the Rain Classroom. All of the participants were enrolled on a voluntary basis, and informed consent was obtained from them before data collection. Confidentiality was guaranteed by replacing students' names with code numbers.
Instruments
The Critical Thinking Skills Survey (CTSS) (Huang, 2008) , designed on the basis of the California Critical Thinking Skills Test and tailored to the Chinese students, was administered to assess students' CTS. The CTSS was an objective test that consisted of 34 multiple-choice questions, with several suitable and reasonable alterations being made to the CTSS in the Chinese language version. These alterations included the modification and replacement of several questions to achieve conceptual and semantic equivalence in the Chinese context. In Huang's (2008) version, six fine-grained subskills, namely, interpretation, analysis, evaluation, inference, explanation and self-regulation, were examined (see Table 1 for their relevance to the items). One point was assigned to each correct response. A higher score was indicative of better CTS of the test-taker (Facione, Facione, Blohm, & Giancarlo, 2002) . Before the formal experiment, a pilot study was conducted among sophomore English language learners (n=58) in one university. The reported α=0.925 (Cronbach) indicated very good reliability of the test. 
Procedure
The Rain Classroom was employed as the intervention tool for the experimental group, while the control group retained the lecture-type TII strategies. Two groups simultaneously commenced the same course of Comprehensive English Level One and kept the same pace of 1.5 hours per week for 12 consecutive weeks.
Before the intervention, the teacher for the experimental group was given one-day training on the intelligent learning system by the researchers and offered assistance any time over the research. The teaching and learning activities are illustrated in Table 2 . 
Before Class
• The teacher made a lesson plan in line with the curriculum standards and initial understanding of the target students.
• Students logged in to the Rain Classroom, downloaded the courseware and previewed the basic knowledge items.
•
The teacher converted the PowerPoint slides of previewing materials into a mobile courseware through Rain Classroom at the PC terminal and published it to the WeChat class group.
The teacher rated the students' self-learning outcomes and gave feedback via text and voice on the application. The lesson plan was modified considering students' strengths and weaknesses.
• Students studied and took the quiz on the courseware by themselves.
• Students made inquiries about the confusing points through the function of "report to the teacher."
In Class
•
The teacher started the class by clicking "class begins" on the Rain Classroom, going through the PowerPoint courseware on it. Meanwhile, the bulletin screen was on in case students had any questions.
• Students signed in to class and listened to the teacher with the help of the PowerPoint slides on their phones.
• Students interacted with the teacher through the bulletin screen.
• The teacher spent most of the time explaining difficult concepts and ideas, and began discussions calling for higher order thinking.
• Students could press the "I don't understand" button to signal to the teacher if necessary.
• The teacher answered questions in class.
The teacher finished the class with a quiz for group work and awarded the winners with digital money in Red Pocket or another app.
• Students took an active part in the group work and class competition.
After Class
•
The teacher released the after-class assignment, reflected on the teaching process, and interacted with students in the discussion section of the Rain Classroom.
• Students did the homework, reflected on the learning process, and discussed the material with the teacher and other peers in the Rain Classroom.
In the control group, the teacher delivered the course directly with only selective previewing and reviewing the material for the students. In class, PowerPoint slides were utilized on an overhead projector as the teacher was verbally engaged with the course content. Meanwhile, students mostly listened quietly to the teacher and took notes now and then. Group discussions were occasionally carried out in class, and students were asked to give a presentation individually as part of the assessments in the course.
Before each session, the researchers had the two teachers confer on the identical course objectives and key concepts to be addressed. After the session, they also discussed and reflected on their students' progress and learning issues.
Data Collection
The two researchers administered the CTSS (Huang, 2008) to two groups of students as the pretest and posttest. Students were given the recommended 45 minutes to take the test and were reminded to answer all the questions so that all the test results were guaranteed valid for further analysis.
Data Analysis
SPSS Statistics 22
.0 was used to analyze the data. Normal distribution testing was taken first, and then independent sample t-tests were employed to compare the mean scores and change scores of CTS (the overall skill and six subskills) by the two groups. A confidence interval of 95% was adopted for all the analyses, which means the significant values reaching 0.05 confirmed the hypothesis that there is no significant difference between the two independent samples. The effect size was estimated by Cohen's d. Its magnitudes are interpreted in Table 3 . Also, the cut scores for differing ability levels recommended in Huang's (2008) were utilized to more clearly reflect students' overall skills (see Table 4 ). 
Results
Pretest-Posttest Scores of CTS
No significant difference was identified between the mean scores of both overall skills (P=0.598) and six subskills (all > 0.05) of CTS for the two groups at the pretest (Table 5) . At the posttest, however, the interpretation (P=0.022) and inference (P=0.49) subskills for the experimental group were statistically different from those for the control group, while their overall skills (P=0.125) and the remaining four subskills (all > 0.05) were not (Table 6 ). In terms of the overall ability of students' CTS, the mean pretest and standard deviation scores located the students from both groups (M=16.55, SD=7.69 for the experimental group; M=15.79, SD=7.88 for the control group) between the weak and moderate scales. The posttest mean scores and standard deviation showed that the control group's students (M=16.43, SD=7.66) did not change much, whereas those in the experimental group (M=18.40, SD=5.89) all stayed in the moderate scale with some at the higher ranges of it (in reference to Table 4 ).
Change Scores of CTS
Comparison of the differences in the mean gain scores for the experimental and control groups indicated that improvement in the interpretation subskill (P=0.002) was significantly greater with the intervention of the Rain Classroom, which was consistent with the value of Cohen's d (0.61). The other values also signaled the small-to-medium effect size for the overall skill (d=0.27) and inference subskill (d=0.24) followed by the small effect size of analysis (d=0.20). However, the treatment yielded almost no effects on the subskills of evaluation (d=0.02) and self-regulation (d=0.02) ( Table 7) . 
Discussion and Conclusions
The preceding findings indicated that students in the Rain Classroom-based intelligent learning system had greater improvement in overall CTS than their lecture-type TII counterparts. In the treatment group, teacher-student interaction on the mobile-supported platform reduced students' reluctance or shyness to make inquiries at any moment throughout the learning process. The cultivated attitudes toward inquiry fostered students' ability to critically analyze the situation, detect the problems and discriminate the soundness of the asserted evidence (Watson & Glaser, 1980) . The teacher's immediate and direct feedback in and out of class made students compare their way of thinking with the teacher's, and derive principles from series of particular instances, thereby facilitating their self-reflection and inductive reasoning skills (Bunts-Anderson, 2016) . In the frequently held discussions and group tasks, students shared the information acquired, made hypotheses for the explanation of the situation, and debated the conflicting concepts to convince others. All those could positively lead to the enhancement of CTS (Yuan, Kunaviktikul, Klunklin, & Williams, 2008) . In contrast, the relatively shortened learning time in the lecture group was thought to force the teacher mostly to prescriptively present the knowledge items to the students and ask for direct responses from them. Students were then deprived of the opportunities to analyze and decide the significance of the situation, interpret the meanings, and infer from the existing information to draw a conclusion. Lower-cognitive questions were not helpful to the development of students' CTS (Shen & Yodkhumlue, 2012) . Structured discussions and organized teamwork also were far from adequate. Thus, students did not have enough practice to promote their argumentation over the cognitive dissonance (Stephenson & Sadler-McKnight, 2016) .
As revealed by the statistical results, the intervention was more efficacious in promoting students' interpretation and inference than other subskills in comparison with the findings of the lecture group. As regards interpretation, the significant improvement can be largely due to students' continual interaction with the teacher and other peers. The close guidance and feedback from the teacher offered a good example to address the concepts in a coherent and cohesive manner, to which those language learners could be fairly sensitive. Therefore, the students might indirectly learn the good skill of interpreting meanings. Also, the classroom discussions and team collaboration provided a venue for students to grapple with differing ideas and render more sophisticated their skills to logically interpret and articulate their understanding, so that their viewpoints could be sensible and convincing (Yang & Wu, 2012) . Another reasonable development occurred on the inference subscale, which can proceed through inductive or deductive reasoning. Induction refers to the process of obtaining general principles from particular instances, while deduction from the general to the specific (Yuan et al., 2008) . Compared with deductive reasoning, induction requires more specific information and knowledge to estimate the probability and strength of conclusions and arguments, which is a much more coherent and integrated process (Yuan et al., 2008) . This directly leads to the demanding task of boosting students' overall inferential ability in a short period of time. Fortunately, the favorable environment created by the whole intelligent learning system, and the teacher's prompt feedback in particular, actively engaged students in intensive pondering over the general rules or principles to resolve various emerging problems. Students in the lecture group apparently lacked such opportunities, as mentioned before.
It is worth noticing that unlike the significant enhancement in students' CTS with technology-supported intervention conducted in many subjects in other fields, for example, nursing (Pucer, Trobec, & Žvanut, 2014) , business (Yang, 2015) and veterinary learning , the whole cohort of L2 learners in this study did not demonstrate salient improvement, except in the two previously examined subskills for the experimental group. This can be explained by the universal obstacles confronted by L2 learners, and also the peculiar Chinese language-learning approaches, where learners are more accustomed to the orderly memorization of the linguistic items to score high in exams. They tend to undertake more mechanical learning activities, such as paraphrasing, imitation and pattern drilling, which are apparently linked to lower-order thinking. Such long-term practices can greatly deteriorate learners' capacities to discreetly analyze and evaluate information before absorption. Other possible causes of the generally insignificant advancement of CTS for the experimental group could be a lack of explicit instruction and training in those skills, especially the weakest evaluation and self-regulation subskills, and a scarcity of deliberate efforts to integrate learning activities with elements proven to be efficient in encouraging students' CTS development, for example, think-aloud strategies and Socratic questioning for the structured discussion (Hew & Cheung, 2014) . Meanwhile, a round of after-test interviews among the treated students for comments on the learning system could be beneficial to the improvement of this system. All those provide implications for future studies. Another limitation of the current research is that the intervention period of 12 weeks may be not sufficient for evident changes to happen. Therefore, a longer or longitudinal study could help depict a more holistic picture of the progress of students' CTS.
